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Studying magnetic assymetry 
by measuring the torque on a 
specimen oriented in different 
directions in a magnetic field 


Crossbar Senders 


By J. B. NEWSOM 
Central-Office Switching Development 


HE crossbar, like the panel 

system,* does not employ a 

decimal system of trunk and 
line selection, and requires 
senders. The crossbar switch, how- 
ever, does not “hunt” as do the panel 
selectors, and the equipment for test- 
ing lines and trunks for busy condi- 
tion, and for finding idle paths through 
the crossbar switches, has been incor- 
porated i in modified decoders known 
as “markers.” They are of two types: 
an originating marker, in the office of 
the calling subscriber, is employed to 
find an idle trunk and an idle path 
from the line to the trunk through the 
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district and office frames; and a 
terminating marker, in the office of 
the subscriber called, is used to locate 
the called line and to find an idle path 
from the incoming trunk to the called 
line through the incoming and line 
frames. Two senders are generally 
employed: a subscriber, or originating, 
sender in the office of the calling sub- 
scriber, and a terminating sender in 
the office of the subscriber called. The 
originating sender corresponds more 
nearly to the sender of the panel 
system, while the terminating sender 
is generally employed to work in con- 
junction with the terminating marker. 

One of the functions of any sender 
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‘sto record the number dialed by the 
subscriber. In the later panel senders 
this is done by a group of relays,* 
while in the crossbar sender, the 
digits are stored on a crossbar switch. 
This: number-recording switch is of 
the ten-vertical type—instead of the 
twenty-vertical type used on the 
main switching frames. In the origi- 
nating sender, four of the verticals 
are used for the three digits of the 
office code—two being used for the 
first digit—and five verticals record 
the station number, four being used 
for the thousands, hundreds, tens, and 
units digits, and one—on calls to 
manual ofices—for the party letter, 
where one is used. When the sub- 
scriber’s dial has returned to normal 
after each digit, a select magnet and 
a hold magnet of the crossbar switch 
are operated to record it. In each case 
the select magnet operated corre- 
sponds to the digit dialed—i.e. the fifth 
magnet for the digit five or the eighth 
for eight—and the hold magnet corre- 
sponds to the position of the digit in the 
number. Ahead of this crossbar switch 
in the sender are relays that count the 
pulses of the various digits and operate 
the proper select and hold magnets. A 
separate vertical on this switch—to- 
gether with two relays where there 
are more than ten district frames—is 
used for recording the number of the 
district-link frame with which the 
calling line has been associated. 

The system is not idle while this 
recording is going on, however. As 
soon as the three digits of the office 
code have been recorded, the sender 
connects itself to an originating 
marker and transmits to it the office 
code and the number of the district 
frame to which the calling line is con- 
nected. The marker then finds an idle 
trunk to the office called and selects 
~ *REcorp, June, 1929, p. 400. 
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an idle path through the district and 
office-link frames between the district 
junctor and the chosen trunk. It then 
informs the sender of the type of 
trunk it has chosen, that is, whether 
it goes to a crossbar, panel, or manual 
office, or to an operator, and whether 
it goes by a direct trunk or through a 
tandem office, and after this is re- 
leased by the sender. 

During this time the subscriber 
continues to dial, and as soon as part 
of the number has been recorded, the 
originating sender starts to pass sig- 
nals over the trunk to the called office, 
where they are recorded by a termi- 
nating sender. This sender was con- 
nected to the incoming trunk after the 
latter had been seized by the origi- 
nating marker. As soon as the termi- 
nating sender has completed its rec- 
ord, it acknowledges receipt of the 
number to the originating sender, 
which closes the talking circuit at the 
district junctor and then disengages. 
Besides acknowledging the number, 
the terminating sender seizes a termi- 
nating marker which locates the line 
called and—if the line is idle—finds 
an idle path between it and the in- 
coming trunk. When this has been 
completed, it informs the terminating 
sender that the call is ready for con- 
necting through, and the sender re- 
leases it. The terminating sender then 
closes the talking circuit at the in- 
coming trunk and disengages itself. 
Ringing is handled by the incoming- 
trunk circuit and requires no atten- 
tion from the sender. 

This simple outline of the duties of 
the originating sender has assumed that 
the call was toa crossbar office. The cir- 
cuits of the sender are arranged, how- 
ever, to provide for all possible condi- 
tions, and are thus more intricate than 
would be required for the functions 
given above. In the first place, cross- 
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Fig. 1—Originating senders in the Murray Hill 
office in New York City 


bar offices are being installed in areas 
where other types of offices are already 
in use. The crossbar sender must thus 


be able to complete calls to panel and 


manual as well as to crossbar offices. 
In the panel system, the sender 
controls brush and group selections of 
the panel frames by the method of 
“revertive” pulsing.* Because of this 
fact, the originating sender is designed 
to operate on revertive pulses. Where 
the called office is of the panel type, 
the sender uses these pulses to guide 
*REcorD, June, 1929, p. 395- 
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the panel selectors in the com. 
pletion of the call, and where 
the called office is of the crogs. 
bar type, the same type of 
pulsing is employed for trang. 
mitting the number called to 
the terminating sender. This 
permits the originating sender 
to transmit the same kind of 
signals regardless of whether 
the office called is of the panel 
or crossbar type; and a termi. 
nating crossbar sender will 
operate with calls incomin 

from either a panel or crossbar 
office. The originating sender 
includes a group of relays that 
count the revertive pulses sent 
to it from the terminating 
senders, or from the panel 
frames in a panel office, and 
interrupt the circuit after the 
correct number for each group 
is received. 

A novel feature of the cross. 
bar sender is the ability to 
make two or three attempts to 
complete a call when trouble 
or busy channels are encount- 
ered. Should the originating 
marker fail—for any reason 
whatever—to establish a con- 
nection to an idle trunk, it 
will signal the sender that it 
has experienced difficulty, and at 
once the sender will release that 
marker, seize another, and make a 
second attempt. The terminating 
sender can also seize a second marker 
if difficulty is encountered in com- 
pleting the call by the first marker. 
This is one of the many features of the 
crossbar system that make for more 
satisfactory service for the subscriber. 

Both originating and terminating 
senders are connected to the calling 
circuit through sender-link frames. 
The originating sender is connected 
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to the line through a 
sender link, a district 
junctor, and a line-link 
frame. As soon as the 
line-group controller 
circuit has seized an 
idle district-junctor 
group, it in turn seizes 
a sender link, which 
proceeds to find an idle 
district junctor in that 
group, and connects a 
aie to it. When the 
sender is seized, dial 
tone is returned to the 
calling subscriber, and 
the line-group con- 
troller circuit trans- 
mits to the sender the classification of 
the calling line. The sender is ar- 
ranged to record a maximum of twelve 
possible classes of service. These in- 
clude coin-box lines, two-party lines, 
and the various other types of service 
that may be provided; and the sender 
must know the class of line that is 
being used:-in making the call to be 
able to handle the call correctly. 

The links for the terminating 


Fig. 3—A terminating sender with doors open 
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Fig. 2—Relay section of an originating sender 


senders are connected to the incoming 
trunk at the called office, and are 
seized as soon as the originating 
marker has established a connection 
to the trunk. Since the terminating 
sender is associated with the call only 
while the number of the called line is 
being recorded and a path through the 
incoming and line-link frames i is being 
found, its “holding time,” or the time 
it is snenulated with a line, is shorter 
than that of the originating 
sender, being under five sec- 
onds instead of approximately 
fifteen. The number required 
per office is thus less. 

Five originating senders are 
mounted one above the other 
to form a sender frame. A row 
of such frames for the Murray 
Hill office in New York City 
is shown in Figure 1. As in- 
stalled, the originating sender 
is arranged in two parts: at 
the left is a cabinet enclosing 
a large group of relays, shown 
with doors open in Figure 2, 
and at the right is the number- 
recording crossbar switch and 
some miscellaneous equip- 
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ment. This part is shown more clearly 
in the photograph at the head of this 
article. The smaller amount of equip- 
ment required for the terminating 
sender permits the crossbar switch 
to be mounted in the cabinet with the 
relays, as shown in Figure 3. This 
crossbar switch in the terminating 
sender is equipped with only six 
vertical units: five for recording in- 
coming brush and group selections, 
and final brush, tens, and units selec- 
tions, and one for recording the frame 
on which the incoming trunk termi- 
nates. This latter information is 
transmitted to the sender when it is 
seized by the incoming link frame. 
Except for the recording of the 
number dialed, the originating and 
terminating senders perform all of 
their functions by relays. Certain of 
these relays for the originating sender 
are indicated in Figure 2. The relay 
marked A follows the subscriber dial 
pulses and in turn operates the 
counting relays in group B. In this 
latter group are also the relays that 
operate the crossbar switch. Relay c 
follows the revertive pulse sent to it 


by the terminating sender, or by the 
incoming and final selectors in q 
panel office, and group D counts these 
pulses. Group FE includes the relays 
by which is recorded information re. 
garding control of the call, which js 
sent to the sender by the marker. 
These relays record whether the call js 
to a crossbar, panel, or manual office, 
whether the call goes by a direct trunk 
or tandem office, and so on. On calls 
to manual or tandem offices, the 
sender transmits call-indicator* sig. 
nals, and the relays that send these 
are included in the two groups marked 
r. Group G comprises the selections- 
progress relays, which codperate with 
the revertive-pulse counting relays to 
control brush and group selections for 
the various frames. Relays in group x 
control the second-trial features, while 
those marked k and are the relays 
controlling the connection to and 
release of the marker. Many of these 
relays, such as the dial pulse count- 
ing, and call-indicating relays, are not 
required in the terminating sender, 
which thus has a less extensive circuit. 
*Recorp, Dec., 1929, p. 171. 
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Coordinated Induction Tests on an A-C 
Electrified Railroad 


By K. L. MAURER 
Foreign Systems Coérdination 


HE wire network of a railroad 

system powered by alternating 

current contains transmission 
circuits, used to transmit energy in 
bulk to substations, and traction cir- 
cuits, which conduct energy from the 
substations to electric locomotives and 
cars. Wires of the transmission cir- 
cuits are insulated from ground but 
the traction circuits use the track 
rails as the return conductor and 
hence some of the current carried by 
these circuits escapes into the earth. 
As a result of this, voltages are pro- 
duced in neighboring communication 
circuits both by magnetic induction 
and by differences in ground poten- 
tial. Under certain circumstances, 
these voltages may be large enough to 
cause interference. 

Since American railway electrifica- 
tion practice has not yet become 
standardized, it has 
not been possible for 


assistance to the Associated Com- 
panies in the avoidance of interfer- 
ence and for the purpose of developing 
a technical basis upon which codrdi- 
nation procedures ultimately may be 
standardized. This work is being 
carried on with the active codperation 
of the railroad companies. 

For a given electrification project, 
once the railroad has decided upon the 
main details of its system, and well in 
advance of electrical construction, 
estimates of expected induction are 
prepared, a process which often in- 
volves a certain amount of field test- 
ing. After the electrification has been 
completed, there usually is oppor- 
tunity before it is placed in regular 
service, to check these estimates by 
codrdinated tests. These tests consist 
essentially in energizing the traction 
circuits at reduced voltage and meas- 
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ment has therefore 
maintained close con- 
tact with major elec- 
trification projects, 
both for the purpose of 
furnishing technical 
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Fig. 1—A typical subscriber line exposed to sections of an 
electrified railroad using alternating current 
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uring the resulting induction in ex- 
posed communication circuits. 

A simplified diagram of an alter- 
nating-current electrification network 
is shown in Figure 1. The system illus- 
trated is of the so-called “‘two-wire” 
type, consisting of a single-phase 
transmission line (25 cycles is used in 
this country) to which step-down 
transformers are connected at inter- 
vals as at substations A, B and c. The 
low-tension windings of these step- 
down transformers are connected be- 
tween the contact wire of an over- 
head trolley system and the rails of 
the track. In current American prac- 
tice the voltage between trolley and 
rails usually is 12,000; the transmis- 
sion-line voltage may be anywhere 
from four to eleven times the trolley 
voltage, and step-down transformer 
substations are spaced at intervals 
ranging from five to fifteen miles. 
Since the tracks are in contact with 
the ground, some of the trolley cur- 
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Fig. 2—This truck contains an electric power plant for testing 


rent will escape to ground and become 
widely diffused throughout the earth. 
It is this component of the trolley 
current which is responsible for most 
of the induction and ground potential 
imposed upon neighboring communi- 
cation circuits. The transmission line, 
on the other hand, is normally insv- 
lated from ground, and neutral re- 
sistors usually are provided to limit 
the flow of current when a fault occurs 
between one wire and ground. For 
these reasons the transmission line 
usually is of secondary interest from 
the induction standpoint. 

The amount of current remain- 
ing in the rails at any point between 
a load or short circuit and the near- 
est transformer substation on a given 
electrification system decreases as 
the distance between load and sub- 
station increases, and reaches a mini- 
mum value for very long feeding 
distances. Also, for a given length 
of feed, the amount of rail current 
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varies from point to point along 
the track, usually reaching a mini- 
mum value at the mid-point of the 
feeding length. 

When a load or short circuit is con- 
nected between a trolley and the 
tracks, as for example at s in Figure 1, 
current is fed to it from all of the 
transformers connected to the trolley. 
The trolley current in the first section 
on each side of the load is the largest 
because each such section contains 
the sum of currents contributed by all 
of the transformers on the same side 
of the load. The amount of current 
contributed by a transformer dimin- 
ishes as distance between transformer 
and load increases. Ordinarily, it is 
unnecessary, for induction purposes, 
to consider the contributions of cur- 
rent from more than two or three 
substations away from the load. If the 
position of the load or short circuit is 
shifted, say towards 
substation B in Fig- 
ure 1, the proportion 
of the current fed from 
substations B and c 
will increase, while 
that fed from a and 
any substation to the 
left of A will decrease. 

Since loads consist 
of moving trains and 
since short circuits 
may occur anywhere 
on the system, a given 
exposed circuit will be 
subject to induction 
from a large variety of 
power feeds differing 
as to length and mag- 
nitude of current. For 
example, in Figure 1, 
the telephone circuit 
exposure shown will be 
influenced by current 
1, fed from substation 
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A over the length as, by current 1; fed 
over distance Bs, by 1; fed over the 
distance cB and by \ fed to c from 
the next substation to the right. As 
the telephone circuit does not extend 
to the left of s, the current in section 
AS produces no magnetic induction in 
the telephone circuit, but if the central 
office is near the track, this current 
may produce ground potential at the 
central office ground. In sections Bs 
and cs the electrification circuits and 
the telephone circuit are side by side. 
Consequently, voltage may be pro- 
duced in the latter by magnetic in- 
duction, and also by ground potential 
if the circuit terminals are near the 
tracks. Current 1, in this example 
would produce ground potential only 
at the subscriber end of the circuit. 
If the short circuit is shifted, all of the 
current magnitudes will be altered 
and, in the section containing the 


Fig. 3—Power plant for testing. In foreground, a d-c 
generator driven by the truck engine; in center, a d-c motor 
which drives the alternator just beyond it 
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short circuit, the feeding distances 
and consequently the percentage earth 
current also will be altered. 

It would be unnecessary, and in 
fact, out of the question to attempt to 
measure the many combinations of 
feeding length and current magnitude 
to which a particular exposure may be 
subjected. The testing procedure in- 
stead makes use of the principle of 
superposition. As applied to a rail- 
way traction circuit, this principle 
states that if vi is the voltage pro- 
duced through either magnetic in- 
duction or ground potential or both, 
by a given current fed between two 
points over the trolley, as for example 
between c and B in Figure 1, and if v2 
is the voltage produced by the same 
current fed between one end of the 
first section and a third point, as for 
example between B and s in Figure 1, 


Fig. 4—Fack panel for switching telephone 
lines under test 
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then the voltage for the same current 
fed over both sections (c to’ s) jg 
Vi+vs. This principle holds regardless 
of the composition of the railway 
circuit as to number of trolleys ang 
number of tracks in the sections jp. 
volved, and of the fact that the 
amount of current escaping to ground, 
upon which the induced voltage 
largely depends, varies with the cir. 
cuit length. 

In deciding upon the number of 
sections to be covered in studying a 
particular exposure, usually it is pos. 
sible by inspection to select a few 
points at which a load or short circuit 
would produce the larger values of 
induction and the test is confined toa 
study of these locations. For the situ- 
ation illustrated in Figure 1, the 
short circuit at s might be selected as 
a representative point. The test pro- 
cedure would then consist in measur- 
ing the voltage induced in a circuit of 
the exposed lead grounded at the 
central office and at the distant sta- 
tion for a given current fed between 
substation a and a short circuit placed 
on the trolley at point s, with the 
transformers disconnected. The in- 
duced voltage would next be measured 
for a given current fed between sub- 
station A and a short circuit at sub- 
station B, and again for a current fed 
between substation A and a short cir- 
cuit at substation c. Phase relation- 
ships between test currents and in- 
duced voltages must, of course, be 
observed in these measurements. Di- 
viding each of these voltage measure- 
ments by the corresponding current 
gives the induction coefficient for the 
corresponding section. Coefficients for 
other feeding lengths within the over- 
all section covered by the measure- 
ments may then be derived by vector 
subtraction of the measured coefh- 
cients. For example, the derived co- 
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eficient for section sB 
is the difference be- 
tween the measured 
coeficients for sections 
ap and As, and that 
for section BC is the 
difference between the 
measured coefficients 
for sections AC and AB. 
The vector sum of the 
products of each of 
these derived coefh- 
cients by the calculated 
short circuit or load 
current in the, corre- 
sponding section would 
then give the total re- 
sulting induced volt- 
age for a short circuit or 
the amount of load drawn at point s. 

Since it usually is desired to make 
tests of this kind as far as possible in 
advance of the operating date for the 
electrification, it is necessary to make 
special provision for a source of power 
with which to energize the trolleys in 
measuring the coefficients. A mobile 
power supply unit assembled several 
years ago is shown in Figures 2 and 3. 
A 220-volt, d-c generator, driven by 
the truck engine through a chain drive 
from a power takeoff, supplies power 
to a motor generator set, the alter- 
nator end of which has a capacity of 
fifteen kva single-phase. The fre- 
quency of this alternator is variable 
between fifteen and seventy-five cy- 
cles and voltages from about ten to 
about 1,000 volts can be obtained. 
The truck is provided with a switch- 
board containing the necessary appa- 
ratus and instruments that are needed 
for regulating output. 

The power truck usually is set up 
at a railway substation so selected 
that tests can be made first in one 
direction and then in the other from 
the substation. Trolley lengths up to 
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Fig. 5—The alternating-current potentiometer and its asso- 
ciated amplifier and galvanometer 


about thirty miles in each direction, 
or a total test section of sixty miles, can 
be used. In this section there usually 
will be a number of central-office 
areas in which induction measure- 
ments are required. The apparatus for 
measuring the induced voltage usually 
is set up in the central-office nearest 
the power truck location and test cir- 
cuits in outlying central-office areas 
are brought to the test office over 
trunk circuits, which terminate in a 
special jack panel shown in Figure 4, 
through which the circuits are con- 
nected to the measuring apparatus. 
Measuring apparatus may consist 
of any frequency-selective voltage- 
measuring device having high-input 
impedance and sensitivity, and ca- 
pable of measuring phase angle. The 
a-c potentiometer meets all of these 
requirements. A portable a-c potenti- 
ometer developed by the Laboratories 
for this work is shown in Figure 5. It 
consists essentially of means for pro- 
viding a reference voltage known and 
variable both in magnitude and phase 
and for comparing the quantity to be 
measured with this reference quan- 
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tity, the latter being varied in magni- 
tude and phase until it exactly bal- 
ances the unknown quantity. Balance 
is determined by a portable vibration 
galvanometer provided with an ampli- 
fier. The potentiometer model shown 
has an input impedance of 100,000 
ohms and is capable of measuring with 
satisfactory precision voltages be- 
tween one millivolt and 200 volts, and 
angles to about one degree over a 
frequency range of 15 to 80 cycles. 

Since the tests frequently are made 
close to operating sections of the rail- 
road, stray twenty-five-cycle voltages 
often are present in the circuit to be 
measured. In order to avoid interfer- 
ence from these stray voltages, the 
tests usually are run at twenty-eight 
cycles, this frequency being near 
enough to twenty-five cycles to pro- 
vide sufficiently accurate test values 


and far enough from the other fre. 
quency to provide discrimination. 
Since railroads pass through urban 
and suburban centers of population, a 
good deal of telephone plant usually ig 
involved in exposures of various kinds, 
Central offices, or subscriber stations, 
may be situated close to the tracks, 
and thus be subject mainly to ground 
potentials. Or subscriber and trunk 
lines may have parallel exposures, 
with circuit terminals at some dis. 
tance from the tracks, and thus be 
subject mainly to magnetic induction. 
Often both types of exposure are en- 
countered in the same circuits. A large 
electrification project may require 
measurements in as many as 150 com- 
munication test circuits, and fifty or 
more trolley sections, which shows 
the need for portable test equipment 
and an organized test procedure. 


356A 
Vacuum ‘TuBE 


This new tube for the ultra-high-fre- 
quency range (30 to 300 megacycles) 
is a recent development of the Lab- 
oratories. It will dissipate fifty watts 
from the plate, and as an oscillator 
wil! deliver as much as 75 watts. A 
lavite terminal plate, to which the 
terminal prongs are fastened, en- 
ables use in a standard 4-terminal 
socket. One of the prongs is a center- 
tap on the filament. Molded glass 
forms the envelope. 
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Power Plant for Broad-Band 


Repeater Stations 


By H. H. SPENCER 
Equipment Development 


HEN the new type-K car- 
rier system is used on 
voice-frequency toll cables, 


where the repeater stations are ap- 
proximately fifty miles apart, two 
additional stations will in general be 
required between the existing ones be- 
cause of the approximately seventeen- 
mile repeater spacing required by the 
new system. It is planned that these 
intermediate or “auxiliary” stations 
will normally be remotely operated 
from the existing stations, and for 
this reason the power plant serving 
them will be automatic in operation. 
At the main stations either automatic 
or manual power plants may be used. 

For the auxiliary stations the 420A 
plant has been developed. Present 
stations, using filamentary-type tubes 
for the repeaters, require a 130-volt 
battery for plate supply and a sepa- 
rate twenty-four-volt battery for 
filament supply. The new plant differs 
from the existing ones in using heater- 
type tubes and this has made it pos- 
sible to employ a common battery for 
both filament and plate supply. 

The K repeater* requires approxi- 
mately 1.3 amperes heater current at 
twenty volts, and a plate potential of 
150 volts. The use of a single 150-volt 
battery for both of these supplies is 
more efficient, and by eliminating the 
duplication of charging and battery 
equipment necessary with separate 
plants, reduces the maintenance and 
~ *REcorp, January, 1939, 148. 
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floor space required. The plates of the 
vacuum tubes are connected directly 
across the seventy-cell battery, which 
is floated at 152 volts, but the fila- 
ments of seven amplifiers are arranged 
in series, each such group being con- 
nected across the battery as shown in 
Figure 1. At each tenth cell of the 
battery, a connection is made to the 
series circuit, so that in effect the 
filaments of each amplifier are con- 
nected across ten cells. Without this 


TO ADDITIONAL PLATE AND MISCELLANEOUS 152-VOLT 
CIRCUITS AND ADDITIONAL STRINGS OF FILAMENTS 


RECTIFIERS 
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RHEOSTATS 


Fig. 1—Series-parallel arrangement of the 
filaments of amplifier tubes used with the 
420A power plant 
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Fig. 2—A main rectifier bay for the 4204 
power plant 


provision, the failure of a single heater 
would put the seven amplifiers of the 
chain out of service, while with it, the 
failure does not extend beyond a single 
amplifier. Where the total number of 
amplifiers is not divisible by seven, 
resistances are inserted in the incom- 
plete chain to balance the load. 

With such an arrangement, it is 
important to avoid an uneven drain 
on various sections of the battery 
caused by slight variations in the 
filament load of the amplifiers. A 
rheostat is therefore connected across 
each group of ten cells, in parallel with 
the amplifier filaments, so that the 


246 


load of the various amplifier groups 
may be balanced. These rheostats are 
adjusted from time to time to main. 
tain the same current into each sec. 
tion. Under these conditions, each 
cell of the battery supplies the same 
current and gets the same charge; only 
in case of the failure of a filament 
would appreciable current be taken 
over one of the six intermediate taps, 

The number of such strings re- 
quired depends, of course, on the 
number of amplifiers. Regardless of 
the number, however, they are always 
divided into two groups connected to 
the battery through two separately 
fused circuits. This is an additional 
step to insure continuity of service, 
since a trouble condition will not 
affect more than half the total number 
of amplifiers. 

The battery is kept charged by 
regulated-tube rectifiers, which nor- 
mally supply the plate and heater cur- 
rent. Since the number of type-K 
systems that must be supplied by the 
420A power plant at any one re- 
peater station will vary considerably, 
no fixed battery capacity is specified. 
In general the battery will be of 
sufficient size to furnish a two-day 
reserve. For similar reasons the recti- 
fier capacity also is variable. The 
rectifier employed is of the grid- 
controlled type already described in 
the Recorp.* Each of these rectifiers 
is capable of furnishing eight amperes 
continuously, and from one to six 
rectifiers will normally be employed— 
six being sufficient to handle the load 
of one hundred repeaters, which 1s 
the maximum number that has been 
planned at the present time. 

In addition to the repeater supply, 
power is also required at each of these 
stations for the pilot-wire regulating{ 


*RecorpD, Fuly, 1937, Pp. 350. 
TREcorD, Fanuary, 1939, p. 160. 
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system. Fifty-five volts a-c is needed 
for the motors driving the condensers 
that control the gain of the amplifiers, 
and two independent ungrounded 
140-volt d-c supplies are required for 
the bridge circuit. The panel shown 
in Figure 3 has been designed to 
supply this power. Normally the panel 
is fed from the 115-volt a-c mains, 
and carries two rectifiers for the 
bridge current—one for each direction 
of transmission—and a transformer 
to step down to fifty-five volts for 
the motors. This panel is fed through 
the front contacts of a relay as indi- 
cated in Figure 4. The relay is held 


operated by the 115-volt supply, but 
on power failure, releases and trans- 
fers the regulator supply panel to the 
a-c end of the dynamotor. A similar 
relay that releases on power failure, 
connects the d-c end of the dynamotor 
to the battery. The operation of this 
dynamotor is further controlled b 

relays that operate it for only a half a 
minute for each ten minutes of power 
failure. Such intermittent operation 
reduces the battery drain and yet 
provides sufficient pilot-wire regu- 
lation to take care of changes in cable 
temperature during the period of the 
power failure. Each of these regulator 


Fig. 3—The major equipment of the regulator power panel includes an emergency 
dynamotor and two rectifiers for the bridge current, on the rear—shown at the left— 
and a transformer for the 55-volt motors and the control relays on the front 
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power units has sufficient capacity 
to provide for fifty repeaters. An 
additional power unit is employed 
where there are more than fifty of 
these regulators. 

Typical power-supply arrangements 
have been worked out based on the 
use of buildings with uniform equip- 
ment layouts for ultimate capacities 
of twenty and one hundred systems. 
Similar arrangements will be made for 
ultimates of forty and sixty systems, as 
the need arises. These arrangements 
cover service entrance equipment, 
usually installed by the customer 
at the time the building is con- 
structed so as to have power avail- 


able for the equipment installer, and a 
typical arrangement of service distri. 
bution, including lighting and appli. 
ance outlets. The power supply is 230 
volts, three-wire, giving 230 volts 
across the two outer wires and 11 5 
volts across either outer wire and the 
neutral, grounded conductor. 

At existing stations, the capacity of 
existing power supplies will ordinarily 
be adequate to take care of the added 
K equipment. New power units will 
usually be required only to supply 
fifty-five volts a-c and 140 volts d-c 
for the regulating system. These units 
will be similar to those already 
described for the auxiliary stations. 
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Fig. 4—Simplified diagram of the 420A power-supply system 
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News of the Month 


Design ForuM 


A croup of design engineers has been organ- 
ized in the Laboratories for the discussion 
of design problems on telephone apparatus, as 
distinct from development or research problems. 
Emphasis will be on mechanical design problems, 
and on questions associated with them. Topics 
for discussion will include materials of design, 
material processing methods, manufacturing 
process and practices of the Western Electric 
Company, current examples of telephone or 
commercial product design, research and de- 
velopment trends likely to affect design, systems 
design and operating company problems, design 
problems of other industries, and various related 
theoretical, experimental, and economic prob- 
lems. T. E. Shea is chairman of the committee 
which is sponsoring the Design Forum. The other 
members of the committee are A. F. Bennett, 
W. A. Bischoff, A. D. Knowlton, J. J. Kuhn, 


S. S. A. Watkins being interviewed at the 

Golden Gate International Exposition by 

Bill Baldwin of Station KSFO of the Columbia 
Broadcasting System 
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C. G. McCormick, B. A. Merrick, E. T. Mottram 
and J. R. Townsend. 

The first meeting of the Forum was held on 
February 9 in the Auditorium at which time F. 
Close of the Aluminum Company of America 
discussed aluminum and aluminum alloys, their 
fabrication, uses and limitations and illustrated 
his talk with sound pictures. 


““ADVENTURES IN SCIENCE” Over WABC 
Features Rapio ALTIMETER 


Watson Davis, Director of Science Service, 
with Lloyd Espenschied and R. C. Newhouse, 
broadcast a description and demonstration of 
the terrain-clearance indicator from the Labora- 
tories’ Ford plane over the coast-to-coast network 
of the Columbia Broadcasting System on Feb- 
ruary 16. The program was picked up by short 
wave by WABC while the plane was flying over 
the metropolitan district. P. D. Lucas piloted 
the plane with F. H. Smith as co-pilot. Frank W. 
Somers and David Davis of WABC installed and 
operated the transmitting equipment in the 
plane. During the afternoon two demonstration 
flights were made out of Newark Airport for the 
press and special guests. 


THe System EXHIBIT 
AT SAN FRANCISCO 


THe Goipen Gate INTERNATIONAL Exposi- 
TION opened to the public on February 18 and with 
it the Bell System Exhibit. The Exhibit is designed 
to emphasize the facilities and methods used 
by the Bell System to insure that the public re- 
ceives the best possible service. It is located in 
the Palace of Electricity and occupies about 
7,500 square feet of space. This area is enclosed 
on two sides by the walls of the Palace, and on the 
other two sides by its own walls. The exterior 
surfaces of these latter walls are decorated with 
photomurals of telephone significance. 

On entering, your attention is immediately 
focused on a large illuminated map of the United 
States which shows the paths of the calls being 
made in the Demonstration of Long Distance 
Telephony. Calls may be made to any listed 
telephone in the United States; and when made 
to a non-Bell telephone, connection is estab- 
lished through the courtesy of the telephone com- 
pany operating in that area, under arrangements 
endorsed by the United States Independent 
Telephone Association. 
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' Your attention is then taken by the Voice 
Mirror where you hear your own voice as others 
hear you when you telephone. In one corner of 
the exhibit area you come to the Hearing Tests— 
a soundproof reception room opening into three 
acoustically treated rooms, each having booths 
to permit seven visitors at a time to participate 
in a hearing test. One room tests your hearing 
using spoken words another using musical tones, 
while the third room can be used for either as 
occasion requires. 

In the opposite corner of the exhibit area there 
is a large acoustically designed room which 
houses the Voder, the machine creating speech 
which was first demonstrated last January 
before The Franklin Institute in Philadelphia. 

The San Francisco exhibit, like the one in New 
York, has been arranged under the direction of 
Vice-Presidents Arthur W. Page and Frank B. 
Jewett of the American Telephone and Tele- 
graph Company. It is an exhibit on behalf of the 
Bell Telephone System and is being operated by 
the Pacific Telephone and Telegraph Company. 
Responsible for the conception of that exhibit 
and its general plan was John Mills, who made 
several trips tc San Francisco in that connection 
during recent months. The equipment which is 
installed is similar to that for corresponding 
exhibits at New York and was developed in the 
Laboratories under the codrdinating direction of 
M. B. Long. Its installation and final adjust- 
ment involved visits to San Francisco on the 
part of Mr. Long, F. A. Coles, L. P. Bartheld 
and R. D. Ehrbar. Working on the installation 
of the Voder was H. G. Thourot from the Western 
Electric Company. S. S. A. Watkins, who de- 
veloped the talking abilities of the Voder and 
trained its operators, has been in San Francisco 
since shortly before the opening of the exposition 
giving attention to that exhibit. 


CoLLoguIUM 


AT THE FEeBRuARY 20 meeting of the Col- 
loquium, Professor E. Bright Wilson, Jr., of 
Harvard University spoke on Internal Rotations 
in Organic Molecules. In many molecules it was 
supposed until recently that certain groups of 
atoms were capable of rotation with respect to 
the rest of the molecule, as for example in ethane, 
where it was assumed that the two CHs groups 
were capable of independent rotation about the 
C-C axis. Recent studies have developed physical 
methods for determining the validity of this 
hypothesis with the result that in the cases so 
far studied it is found that unexpectedly strong 
forces exist between the parts of such molecules. 
The methods of determining these forces were 
reviewed, some of the results obtained sum- 
marized, and the effects of the internal forces on 
the properties of these substances discussed. 
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J. H. Scarr of the Laboratories discussed 
Gases in Metals and Their Influence on Properties 
at the March 6 meeting of the Colloquium. 
Studies of gas-metal systems and the influence of 
gases on the properties of metals were discussed 
under the following headings: Studies of the 
solubility of simple and compound gases in 
metals and of other gas-metal equilibria, methods 
for determination of gases in metals, special 
methods for removing gases from metals, and 
influence of gases and gas treatments on the 
properties of metals. Recent work in each of 
these groups was reviewed and applications to 
practical problems described. 


VISITORS TO THE LABORATORIES 


Amonc the engineers and research workers 
who visited the Laboratories during February 
were E. P. Wright, D. H. Black and R. A. Mack, 
Standard Telephone and Cables, Ltd., London; 
Edmond M. Deloraine, Le Material Telephon- 
ique, Paris; A. T. Williams, Melbourne City 
Council, Electric Supply Department, Mel- 
bourne, and William Thorn, State Electricity 
Commission, Victoria, Australia; Professor Niels 
Bohr, Danish Academy of Science, and Professor 
Niels Bjerrum, Carlsberg Laboratory, Copen- 
hagen, Denmark; Messrs. Raettig and A. Heil- 
mann, German Post Office Direction and Dr. 
J. F. Toennies, Tonbild Syndikat, Germany; 
and Professor S. Takeda, Assistant Professor of 
Metallography, Tohoku Imperial University, 
Sendai, Japan. 


News Nores 


THE HONORARY DEGREE of Doctor of Laws was 
conferred on F. B. Jewett by Rockford College 
on February 18. Following the degree ceremony, 
Dr. Jewett made a Maddox Foundation lecture 
on Some Changes in Society Which Science Is 
Bringing About. 

G. N. Tuayer visited Pittsburgh and Cleve- 
land to observe tests of the experimental ultra- 
high frequency radio-range system installed by 
the Civil Aeronautics Authority. 

J. B. Bishop and J. E. Corsin were at Nor- 
folk, Virginia, inspecting and testing several 
marine radio installations. 

R. C. Newuouse spoke on The Terrain- 
Clearance Indicator before the Morris County 
Association of Engineers on February 21. 

W. FonpiLter visited Hawthorne the week of 
March 6 for conferences on various apparatus 
development problems relating particularly to 
specifications. 

H. H. Giewnn and C. A. WEBBER visited Point 
Breeze in connection with cord developments. 

A. W. Zrec ier, president of the New York 
Alumni Chapter of Eta Kappa Nu, recently acted 
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GoLDEN GATE 
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murals dramatizing many of 
ihe day-to-day operations in 
unishing telephone service, 
gs well as the research and 
manufacturing activities of the 
Bell System, decorate the eX 
walls of the Exhibit, 
which is in the Palace of Elec- 
wricity and Communication 
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Above — Sparkling with 
hundreds of electric lamps, 
identifying cities and towns 
throughout the country, this 
long-distance demonstration 
map centers the interest of 
visitors. The actual route of 
each call 1s traced with lights 
and the name of the city called 
appears on an illuminated 
sign in the panel at left of map 


Left — The Voder demon- 
stration of the Bell Telephone 
Exhibit. The mask-like screen 
conceals the loud speakers 


from which the voice emerges 


re 
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H. W. Everirr 
of the Commercial Relations 
Department completed thirty 
years of service in the Bell 
System on February 10 


as host for executives from the New York City 
Administration. Their visit to the Laboratories 
followed a previous Eta Kappa Nu inspection 
trip through the Ward’s Island Sewage Treat- 
ment Works. 

A. C. WALKER was at the National Bureau of 
Standards in Washington to discuss textile drying 
research being done under the auspices of the 
U. S. Institute of Textile Re- 
search. He also visited the 
American Viscose Corpora- 
tion at Marcus Hook to dis- 
cuss similar work of the 
Institute. On the same trip 
Dr. Walker conferred on spec- 
ification requirements and 
testing of textiles at the 
Point Breeze plant of the 
Western Electric Company. 

W.S. Hayrorp, in Roches- 
ter on February 27 and 28, 
discussed paraffin thermom- 
eters with the Rochester 
Manufacturing Company. 

C. H. Amapon was in 
Florida and Georgia continu- 
ing his studies on the be- 
havior of creosoted southern 
pine poles that are in service. 

C. D. Hocker and W. H. 
S. Youry attended the Re- 
gional Meeting of the Amer- 
ican Society for Testing Ma- 
terials held in Columbus, 
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W. G. Knox 
of the Plant Shops Department 
completed thirty years of serv- 
ice in the Bell System on the 
twelfth of March 


W. L. Casper 
of the Apparatus Development 
Department completed thirty 
years of service in the Bell 
System on March 29 


Ohio, from March 6 to to, 

H. F. Donce served as 
general chairman of a one. 
day conference on The Appii- 
cation of Statistical Methods 
in Engineering held in Chi- 
cago on March 10 under the 
auspices of the Chicago sec. 
tion of the A. S. M. E. and 
with the coéperation of the 
ALME ALE E 
and the American Statis- 
tical Association. 

R. V. Terry visited the 
Hayden Manufacturing 
Company at Forestville, Con- 
necticut, to discuss synchro- 
nous motor-driven clocks. 

STUDIES OF LEAD-CABLE 
SHEATH at Chester are bein 
continued by I. V. Williams, 
J. P. Guerard and W. E. 
Ingerson. Mr. Williams also 
visited Kearny to discuss 
pressing of aluminum and 
aluminum alloys. 

R. Burns and T. S. Huxuam visited the 
Moulding Company at Boonton and the Mack 
Moulding Company at Wayne, N. J. 

AT THE TIME THAT J. Crabtree spoke before 
the Rochester section of the Optical Society of 
America upon the subject High-Speed Motion 
Pictures as a Tool in Telephone Apparatus De- 
velopment, he also visited the Folmer-Graflex 


H. W. Mickey 
of the Equipment Development 
Department completed thirty 
years of service in the Bell 
System on March 27 
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Company and the Eastman Kojak Company. 
RECENT SPEAKERS before the Out-of-Hours 
Course on Manufacturing Methods have included 
L. I. Shaw and M. H. Cook of Hawthorne who 
spoke on Ceramic Manufacturing and Assembly, 
respectively, and R. E. Powell of the Kearny 
organization who spoke on Welding. 

J. D. TeBo is on temporary transfer to the 
Hawthorne plant of the West- 
ern Electric Company to 
assist in the manufacture of 
crossbar apparatus. F. A. 
Zupa attended Survey meet- 
ings at Hawthorne on Y-type 
relays and N. R. Stryker 
was there in connection with 
sound tests on ringers. 

W. C. BuckKLanp and J. E. 
ReabE visited the distribut- 
ing house of the Western 
Electric Company in Wash- 
ington to make a study on 
returned station apparatus. 

AT THE JOINT MEETING of 
ghe Optical Society of 
America and the American 
Physical Society held in New 
York from February 23 to 
February 25, the following 
papers were presented by 
members of the Laboratories: 
Behavior of an Interferometer in a Gravitational 
Field by H. E. Ives; 4n Apparatus for Determin- 
ing the Orientation of Crystals by X-rays by F. E. 
Haworth; Preparation of Single Crystals of Iron, 
Cobalt, Nickel and Their Alloys by P. P. Cioffi and 
0. L. Boothby was presented by Mr. Cioffi; and 
The Magnetic Anistropy of Iron-Nickel and 
Copper-Nickel Alloys by H. J. Williams and 
R. M. Bozorth presented by Mr. Williams. 

H. L. BostaTer of the Systems Development 
Department retired from active service on the 
first of April. Graduating from the Ohio State 
University with an M.E. degree in 1904, he 
worked for a time for the Central Union Tele- 
phone Company in Columbus, Ohio, and the 
National Cash Register Company. He then 
joined the Western Electric Company, Clinton 
Street, Chicago, on equipment engineering work. 
When the work at Clinton Street was moved to 
Hawthorne in 1907, Mr. Bostater was supervisor 
of equipment engineering on small central- 
office switchboards. At Hawthorne he was con- 
cerned with analyzation and standardization of 
central-office circuits. 

In 1912 Mr. Bostater came to New York and 
was assigned to the circuit laboratory and then 
to the group working on the development of 
semi-mechanical dial systems. Upon the com- 


April 1939 


H. L. Bostater 


pletion of this work he was engaged for several 
years on dial PBX development and from 1918 
to 1921 was in charge of circuit work in connec- 
tion with the introduction of the step-by-step 
system which had its first Bell System installation 
in Norfolk, Virginia. Following this he made 
fundamental development studies of various 
telephone systems. In 1928 Mr. Bostater trans- 


E. O. Scriven 


ferred to the Equipment Development Depart- 
ment where he has since been concerned in 
making cost studies of marmal and dial central- 
office equipment. 

E. O. Scriven, who retired from active serv- 
ice on the first of March, received his B.S. 
degree from Beloit College in 1906. He taught 
mathematics and physics at Fort Worth Uni- 
versity for two years. He then continued his edu- 
cation at the Massachusetts Institute of Tech- 
nology where the degree of S.M. was conferred 
on him in 1911. Immediately joining the Engi- 
neering Department of the Western Electric 
Company, Mr. Scriven became associated with 
the development and testing of various types of 
vacuum tube and mechanical amplifiers. In this 
connection he was responsible for laboratory and 
field tests and some of the development of the 
Shreeve mechanical amplifier. In 1915, when the 
transcontinental line was opened, he took part 
in the installation and operation of the initial 
repeater equipment at Pittsburgh and Chicago 
and some of the equipment at Buffalo. A year 
later he developed and constructed the first 
commercial vacuum tube oscillator and was 
associated with the design, construction and 
field testing of experimental carrier-telephone 
and carrier-telegraph systems. 
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During the War Mr. Scriven worked on several 
different types of amplifiers for Army and Navy 
use. Following this he was in charge of engineer- 
ing groups responsible for the design of various 
vacuum tube apparatus including amplifiers, 
measuring equipment, precision apparatus and 
carrier systems for both telephone and tele- 
graph. From 1925 to 1937 Mr. Scriven was in 
charge of groups handling the electrical design 
of all special products except radio, such as 
equipment for public address, sound pictures, 
power-line carrier, train dispatching and clinical 
aids, as well as special applications for the 
agencies of national defense. In September, 1937, 
he transferred to the Patent Department where 
he was engaged, until his retirement, in patent 
investigations relating to carrier transmission. 


* * * * * 


H. E. MENDENHALL and R. N. MarsHa tt at- 
tended the Western Electric Sales Conference in 
Jacksonville and Atlanta; Mr. Mendenhall to 
discuss vacuum tube performances and Mr. 
Marshall to discuss the latest types of micro- 
phones with Graybar Electric Company sales 
representatives. While in Jacksonville and 
Atlanta,'Mr. Mendenhall visited Station WGAX 
at Jacksonville and Station WFB at Atlanta to 
discuss vacuum tube problems. Mr. Mendenhall 
recently returned from a tour of the mid- 
western broadcasting stations. 

H. W. Hermance and T. F. Ecan visited the 
Walnut Central Office in Pittsburgh on an in- 
vestigation of cleaning methods and noise on 
silver-plated panel bank terminals. A field chem- 
ical laboratory was used to study atmospheric 
and dust conditions. Studies were also made in 
St. Louis, Cleveland, Buffalo and Cincinnati. 

Tue MIcROPHONE AND RESEARCH was the sub- 


ject of a demonstration lecture given by F. §, 
Goucher and assisted by J. R. Haynes before vari- 
ous engineering science societies in Canada: The 
Science Association of the National Research 
Laboratories in Ottawa February 7; The Engi- 
neering Institute of Canada, Institute of Radio 
Engineers and a group of supervisory employees 
of the Bell Telephone Company of Canada in 
Montreal February 9; and The American Institute 
of Electrical Engineers in Toronto February 13. 
Dr. Goucher also gave a Colloquium talk on the 
Physics of Contacts before the graduate students 
of McGill University while in Montreal. 

R. M. Bozortu and V. E. Lecce spent a week 
at Hawthorne discussing the manufacture of 
magnetic materials. 

AT A MEETING of the Radio Colloquium held 
at Holmdel on March 3, Lloyd Espenschied 
spoke on The Radio Altimeter and Allied Problems. 

G. C. SourHwortu and A. P. Kine, on March 
2, presented their demonstration lecture on 
Wave-Guide Radiators and Electromagnetic Horns 
before a meeting of the Philadelphia section of the 
I.R.E. An article entitled Metal Horns as Directive 
Receivers of Ultra-Short Waves by Mr. South- 
worth and Mr. King was published in the 
February Proceedings of the I.R.E. 

R. M. Foster spoke on The Kirchhoff Rule and 
Its Extensions before the Graduate Seminar of 
the Polytechnic Institute of Brooklyn. 

J. C. SrernBere, at a meeting of the Denver 
section of the A.I.E.E. held on February 1o, 
spoke on Sound Patterns in Human Ears. Fol- 
lowing this Mr. Steinberg also spent a few days 
at the Bell System exhibit at San Francisco 
where he arranged for the photographic recording 
of the hearing-test cards of visitors to that 
exhibit. The data thus obtained will be very 
valuable in the Laboratories’ studies of hearing. 


MEMBERS OF THE LABORATORIES WHO COMPLETED TWENTY YEARS OF SERVICE 
IN THE BELL SystTEM Durinc FEBRUARY AND MARCH 


Apparatus Development Department 


February 3 
Miss Mary Midtgardt............... February 4 


Research Department 


Systems Development Department 


Orfeo Cesareo......................March 11 


Raymond Guenther................. February 14 March 18 
General Staff Department oe March 3 

Plant Department Patent Department 
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A crossbar office differs from 
the previous types not only jn 
its circuits and general switchin 
plan, but in the type of apparatus 
it employs. The major piece of 
apparatus, the crossbar switch 
itself, is used for all the main 
switching frames, and was de. 
scribed in the Recorp for July 
1937. An important feature of 
the system, however, is the use of 
common controller circuits, and 
these are composed—for the 
most part—of the U and Y-type 
relays, described in the Recory 
for May, 1938. These relays are 
in all the cabinets and under all 
the long horizontal covers shown 
in the accompanying photo. 
graphs. In addition there is the 
multi-contact relay; these are 
used in large quantities on the 
block-relay frames, page 7, and 
to a lesser extent with the 


originating marker, page 5, but 
as they are used to some extent with 
all the frames. One of their major 
uses, however, is number- 
| the crossbar switching system ap- 
eared in the Recorp for Feb. 
P 
< 
The photograph at the left shows 
3 @ line-link frame, with its com- 
2 oo mon controller circuit in the cabinet 
(Opposite page) An originating 
a sender link, the two bays at the left; 


district junctor circuits, the two 


district link frame, primary and 
secondary 
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In general a crossbar switching 
frame consists of two bays of 
crossbar switches, ten in each 
bay. These are referred to as the 
primary and secondary switches, 
In some cases, however, addi- 
tional bays are added when 
greater access to trunks, junctors, 
or lines is needed. In the office 
shown here—Murray Hill 6, 
New York City—a single supple- 
mentary secondary bay is re- 
quired for the office and incoming 
link frames, shown on this page 
and page 6, respectively. 


Office link frame: primary at 
left, and secondary and supple- 
mentary bays adjacent 


TO OFFICE 
JUNCTORS OFFICE LINK FRAME 
OuT- 
9) 9° ¢ TRUNKS 
PRIMARY SECOND- SUPPLE- 
ARY MENTARY 


(Opposite page) An originating 
marker includes three cabinets of ~ 
U and Y-type relays, at the left, 
and four bays of route relays and © 

cross-connecting terminals 
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Terminating sender-link frame, left-hand bay; incoming trunk circuits—two bays of long horizontal 
covers; and incoming link frame—with primary and secondary and supplementary bays—at right 
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Block relay bays. 


These are used by the terminating markers for testing lines and determining their 


location on line-link frames 
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BEFORE THE Puysics CoLttoguium of Brown 
University on March 13, A. J. Ahearn presented 
a paper entitled Electron Microscopes and Some 
of Their Uses. 

T. C. Fry spoke on March 7 at the monthly 
luncheon of the Montclair Engineers Society, 
his subject being Probability and Rational In- 
terference. Dr. Fry was introduced by L. P. Ferris 
who is president of the Society. 

On FEBRUARY 27, R. R. Williams addressed a 
meeting of the Western Connecticut Section of 
the American Chemical Society held at Stam- 
ford. The Role of Thiamin in Nature was the 
subject of his talk. 

J. L. Larew discussed Telephotography at a 
meeting of the Lions Club of South Amboy, 
New Jersey, held on March 8. He augmented his 
talk with the motion picture Pictures by Wires. 

PROBLEMS IN CONNECTION with the develop- 
ment of equipment for crossbar tandem offices 
took D. H. Wetherell to Hawthorne. 

J. G. Fercuson discussed unattended dial- 
central offices with engineers at Hawthorne. 

RecentLy, O. J. Morzenti, H. A. Lewis and 
H. H. Schneckloth conferred with New York 
Telephone Company engineers at Albany in 
connection with the Laboratories’ trial instal- 
lation of a No. 380 crossbar community dial- 
office equipment for Jonesville, New York. 


Report OF THE EMPLOYEES’ BENEFIT 
COMMITTEE 


Tue following payments were made under the 
“Plan for Employees’ Pensions, Disability Bene- 
fits and Death Benefits” during 1938: 

$160,090.37 

Accident Disability Benefits 

and Related Expenses......... 

Sickness Disability Benefits. ..... 


3,230.69 
139,483.34 
26,635.32 


Fourteen members of the Laboratories were 
retired with pensions during the year. Of these, 
five had reached the age of sixty-five and were 
retired in accordance with the Retirement Age 
Rule and three were unable to continue working 
because of disability. Four retired members died 
during 1938, leaving a total of 107 receiving 
pensions under the Plan at the close of the year. 

Thirty-four accidental injuries involving pay- 
ment of benefits or medical expenses occurred at 
the Laboratories during 1938, fewer than in any 
previous year with the exception of 1935. Sickness 
decreased slightly from 1937 in number of cases, 
days lost and payments per $1,000 of payroll. 
Three active members died during 1938 and, 
in accordance with the Plan, where eligibility to 
Death Benefits existed, payments were author- 
ized to their qualified beneficiaries. 


April 1939 


In addition to Sickness Benefits under the 
Plan, other payments totaling $169,784 were 
made to employees absent on account of sickness. 
These included payments to employees eligible 
for Benefits, covering their first week of absence 
before the beginning of Plan Benefits or covering 
their absences of a week or less in duration, and 
payments to employees whose service did not 
entitle them to Benefits. Also, supplementary 
payments in the form of special benefits, and 
supplementary and special pension payments, 
totaling $6,693, were paid to active and retired 
members in need of special assistance. 

The Benefit Plan is administered by a 
Committee consisting of A. F. Dixon, Chair- 
man, E. W. Adams, A. B. Clark, J. W. 
Farrell, R. L. Jones, M. J. Kelly, L. Montamat, 
G. B. Thomas and W. Wilson. J. S. Edwards 
is Secretary of the Committee and D. W. Eitner 
is Assistant Secretary. 


J. S. Epwarps, Secretary. 
Employees’ Benefit Committee. 


The above statement of payments made in 1938 
audited and found correct. 


E. J. Santry, General Auditor. 


F. A. Brooks and J. P. Kinzer visited Prince- 
ton, to make observations on the performance of 
the New York to Washington and the New York 
the Charlotte type-K systems. They also stopped 
en route at intermediate repeater points. 

D. Rosertson has been in Dallas, Texas, en- 
gaged in the field trial of a 1-A echo suppressor. 

L. A. Dorrr, with E. W. Hancock and J. W. 
Cooper of the A. T. & T. and C. J. Gustafson of 
Western Electric, visited the New England 
Telephone Company at Boston to discuss the 
Lynn crossbar installation and through-test 
procedure for this job. 

J. L. Linpner has gone to Albuquerque, New 
Mexico, to take part in observations of noise 
from dust storms on circuits of the Fourth 
Transcontinental Line. 

W. L. Rot, at Toledo and South Bend, is 
supervising the installation of a trial installation 
of ‘“‘mop-up” regulation equipment for the type-K 
carrier system between these two points. 

J. H. Sots called on machine manufacturers at 
Schenectady, Pittsburgh and Cleveland. 

F. F. S1EBERT was in Lowell, Mass., in connec- 
tion with the development of small fan motors. 

C. P. Cartson and P. G. Epwarps assisted in 
a preliminary survey at Boston, Greenfield and 
Fitchburg for a field trial of a new toll-line 
telephone repeater. 

C. S. YEuTTER has been in Toledo, in connec- 
tion with the type-K system field trial of the 
pilot channel deviation regulator. 

[vii] 


D. K. Gannett spent the 
week of February 13-18 at- 
tending the Second Annual 
Broadcast Conference at Ohio 
State University. 

A. A. HEBERLEIN visited 
Princeton and Southfields 
(New York) in connection 
with vacuum tube problems 
during the month of February. 

THE FIELD TRIAL of negative 
coefficient thermistors as at- 
tenuation and impedance sta- 
bilizing units in non-loaded 
cable circuits took P. G. Ed- 
wards, R. D. Fracassi, and 
R. S. Hawkins to Long Valley, 
New Jersey. 

A. W. Leserrt is installing 
equipment at Oklahoma City 
and Whitewater (California) 
in connection with tests on 
type-J and type-C systems that will be used on 
the Fourth Transcontinental route. 

J. T. O'Leary with Mr. Thornton of Standard 
Telephones and Cables, Ltd., left for Australia to 
participate in the installation, testing and lining 
up of a type-J carrier-telephone system between 
Sydney and Melbourne. This is the first instal- 
lation of a twelve-channel open-wire carrier 
system outside of the United States, and employs 
equipment manufactured by the Western Electric 
Company. 

IT WAS WITH REGRET that members of the 
Laboratories learned of the death of M. F. 
Jameson on February 12. After Mr. Jameson 
received his A.B. degree from Oberlin College in 
1923 he spent the summer as a student engineer 
in the Engineering Department of the Western 
Electric Company. He left that fall to take two 
years of graduate work at the University of 
Wisconsin, where he also taught physics as an 
assistant instructor. For the next two years he 
was engaged in development work for the Allen 
Bradley Company of Milwaukee. 

During the summer of 1927 Mr. Jameson 
joined the Vacuum Tube Development Depart- 
ment of the Laboratories where he was first 
concerned with the design and development of 
gas-filled vacuum tubes. Following this he was 
actively engaged in the development of photo- 
electric cells and in this connection prepared 
a technical paper with T. E. Shea on The Photo- 
electric Cell and Its Use in Sound Motion Pictures 
which was presented before the Society of 
Motion Picture Engineers in Washington dur- 
ing October, 1935. With the completion of 
this work he studied the behavior of special 
types of thermionic filaments and just before his 
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M. F. Fameson 


last illness had been concerned 

with an investigation on sec. 

ondary emission phenomenon. 
* 

THE MANUFACTURE OF co. 
AXIAL and other types of 
cable was reviewed by M. E, 
Strieby, Mougey, J. F. 
Wentz, L. M. Ilgentritz, anq 
E. I. Green at the Point 
Breeze plant of the Western 
Electric Company. 

R. J. HEFFNER attended a 
conference held by the Per- 
sonnel Division of the Ameri- 
can Management Association 
in Chicago on February 16 
and 17. 

Joun addressed a 
group of directors of research 
at a dinner meeting of the 
Institute of Industrial Re- 
search on March third. His talk followed the 
line of his previous papers on Selecting and 
Placing College Men, S or D, and A Balanced 
Ration of Work. 

On Fesruary 16, R. L. Young, W. W. Schor- 
mann and H. E. Crosby, with G. H. Bogart, 
A. R. Brooks, L. E. Coon, A. C. Keller and C. 
Erwin Nelson as their guests, took part in the 
regular monthly meeting of the Metropolitan 
Chapter of the American Society of Safety Engi- 
neers, held at the Electrical Testing Labora- 
tories in New York. The meeting was devoted to 
discussion of the origin and purpose of the 
Electrical Testing Laboratories and to an in- 
spection of the extensive testing facilities in 
their new building. 

W. J. O’NerLt attended a hearing before the 
Primary Examiner in interference proceedings 
at the Patent Office. 

O. E. Rasmussen was at the Patent Office in 
Washington in connection with routine patent 
matters. 

A QUARTER CENTURY of service in the Bell Sys- 
tem was completed by R. M. Sample on the tenth 
of February. He joined the Engineering Depart- 
ment of the Western Electric Company in 1914 
where he was concerned with the development of 
various telephone equipment in the apparatus 
design group. One of the projects with which he 
was associated was the development of the 
telephone calling dial. Early in the summer 
of 1916 he went to the Mexican border with 
the 22nd Regiment Corps of Engineers and on 
the completion of that campaign returned to 
the Laboratories where he was concerned with 
special government work. At the outbreak of 
the World War he returned to the Engineers 
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Corps which had now become the 1o2nd U. S. 
Engineers and with this outfit spent twenty- 
one months in France. Mr. Sample had an 
outstanding interest and ability in photography 
and as a result did a great deal of motion- 
picture and still-camera work at the Mexican 
border and with the 102nd Engineers. 

Upon his return to civilian life he came back to 
the Laboratories where, in the Apparatus De- 
velopment Department, he carried out tests on 
coin collectors on various machine-switching 
apparatus. Later he was associated with special 
tests of picture-transmission equipment, particu- 
larly during the Washington demonstrations. 
Shortly after this F. F. Lucas needed an assistant 
for his microscopic analysis work and Mr. Sample 
was transferred, due to his exceptional photo- 
graphic experience which he supplemented by 
taking a special course in metallurgy. Since then 
he has been concerned with the microscopic ex- 
amination of the wide range of materials entering 
into the manufacture of telephone apparatus. 


A QUARTER CENTURY of service in the Bell 
System was completed by L. E. Coon of the 
Personnel Department on the second of March. 
Mr. Coon joined the Westinghouse Electric and 
Manufacturing Company at Newark in IgII asa 
tester and inspector and a year and a half later 
became a test engineer of the Sprague Electric 
Works of the General Electric Company, 
Bloomfield, New Jersey. In 1914 he came to the 
Engineering Department of the Western Electric 
Company where he was concerned during the 
next ten years with the design and development 
of talking and signaling equipment for railroad 
train dispatching systems, simplex and duplex 
telegraph equipment, and supervisory control 
equipment for automatic and manual power 


substations. During the World War he worked in 
submarine detection and sub-aqueous sound- 
ranging equipment, and mine control apparatus 
for the government. 

Early in 1925 Mr. Coon transferred to the 
Graybar Electric Company as sales engineer, sales 
correspondent and price specialist. From 1927 
to 1938 he was with Electrical Research Products, 
Inc., first as an installation engineer making field 
surveys of theatres and directing the installation 
of sound-reproducing systems in the New York 
district and later as a district supervisor. In 1928 
Mr. Coon went to Atlanta where he had charge 
of the installation of similar equipment through- 
out the Southeastern States. A year later he 
returned to New York to become staff and 
equipment superintendent of sound-picture re- 
producing and sound-distribution systems. This 
involved cost studies and analyses; equipment 
lists; installation drawings and_ specifications; 
operating and maintenance instructions; design- 
ing and fabrication of special sound equipment; 
and consulting service to architects, construction 
engineers and electrical contractors. 

Mr. Coon transferred to the Personnel Depart- 
ment of the Laboratories early in 1938 and until 
last January was concerned with special studies 
in connection with personnel analyses and 
planning. Since January he has been in charge of 
employee service including relations with em- 
ployees involved in accidents, accident and 
workmen’s compensation reports, accident in- 
vestigations, safety engineering, first aid equip- 
ment and training, and employee counseling. 


T. L. Dowey, who completed twenty-five 
years of service with the Bell System on the 
twenty-fifth of March, was born in Ireland and 
educated in England. After receiving his B.S. 
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degree from the University of Durham in Ig11 
he worked for an electrical manufacturer for six 
months and then with a telephone apparatus 
manufacturer until 1913 when he came to the 
United States. He immediately joined the Engi- 
neering Department of the Western Electric 
Company on drafting work in the apparatus 
design group. Six months later he became an 
engineer in the same group working in particular 
on the design and development of subscriber 
and manual central-office apparatus. In 1917 he 
left the company but returned eight months later 
to the Research Department. His first work was 
on the development of airplane detectors for 
submarines and then was associated with the 
early work on sound pictures, particularly with 
synchronizing and the recording of sound on disks. 

Two months later Mr. Dowey transferred to 
the apparatus design group and assisted in the 
installation of public address systems throughout 
the country. When this work was taken over 
by the Graybar Electric Company in 1926 he 
continued with this organization. Early in 1927 
he joined Electrical Research Products, Inc., 
and for the next ten years was concerned with 
the distribution of engineering information to 
both the Erpi organization and to studio and 
theater licensees. This involved the preparation 
and distribution of installing and operating data 
covering both recording and reproducing equip- 


R. C. Newhouse and Lloyd Espenschied observing the operation of 
the terrain-clearance indicator. On February 16 the indicator was 
demonstrated, during a flight of the Laboratories’ Ford plane, over 
the coast-to-coast network of the Columbia Broadcasting System 
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ment for sound pictures; it also included the 
preparation of engineering specifications and the 
distribution of engineering information regarding 
all new developments for associated companies 
abroad and a certain amount of patent work to 
insure proper protection. In 1937 he returned to 
the Laboratories where, in the Physical Research 
Department, he has since been engaged in the 
development of a telephone traffic recorder and 
improved dialing systems. 

Wuen Everett St. Joun graduated from 
Harvard in 1910 with an A.B. degree he entered 
the junior year at the Massachusetts Institute of 
Technology. After completing this year he 
became a student engineer at the Tabor Manu- 
facturing Company, Philadelphia, makers of 
foundry moulding machines. He left this com. 
pany a year later to complete the mechanical 
engineering course at M.I.T. from which he 
received an S.B. degree in 1913. Following six 
months’ experience with the Independence 
Inspection Bureau in Philadelphia he joined The 
Bell Telephone Company of Pennsylvania, this 
commencing his service with the Bell System 
which reached the quarter-century mark on the 
sixteenth of February. 

Upon Mr. St. John’s completion of the student 
course with the Bell of Pennsylvania he spent a 
short time in the Plant Department and then 
transferred to the Engi- 
neering Department 
where he was concerned 
with the development of 
tools and construction 
methods used in the out- 
side plant. Much of his 
work was in connection 
with aerial cables and he 
has been associated with 
this type of work ever 
since. During the World 
War he spent a year and 
a half as battalion signal 
officer of the 74th Coast 
Artillery Corps, three 
months of which time 
was spent in France. 

Returning to civilian 
life, Mr. St. John came 
to the Department of 
Development and Re- 
search of the American 
Telephone and Tele- 
graph Company and then 
to the Outside Plant De- 
velopment Department 
of the Laboratories 
when it was formed in 
1927. During this entire 
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period he has been associated with the design and 
development of construction materials and tools 
for outside plant use, for both underground and 
aerial systems. Among the more important proj- 
ects with which he has been connected are aerial 
cable supports, guy shields, wiring devices and 
similar equipment, on which he holds fourteen 
patents. Mr. St. John’s most recent work has 
been on the development of a cable-lashing 
machine for securing aerial cable to the suspen- 
sion strand with a spiral wrapping of heavy 
galvanized steel wire instead of the usual cable 
_— * * * * * 

A. F. Price joined the New York Telephone 
Company in 1911 but four months later trans- 
ferred to the Engineering Department of the 
Western Electric Company as an assistant in the 
Physical Laboratory. He was associated with the 
development of the first punch-type relay and 
took part in the early investigations of magnetic 
materials, particularly of tungsten and silicon 
steels. During this time he was attending Colum- 
bia during the evenings and in 1914 left the com- 
pany to attend Brooklyn Polytechnic Institute 
where he received the E.E. degree in 1917. For 
two years thereafter he was in France as a 
member of the research division of the U. S. 
Signal Corps. 

Upon his return Mr. Price came to the Ap- 
paratus Development Department where he 
became one of the supervisors in a group through 
which passed the manufacturing specifications 
issued by the Laboratories. In 1925 he trans- 
ferred to what is now the Commercial Products 
Development Department and took charge 
first of the field work on power-line carrier- 
telephone equipment and later of the mechanical 
design on such projects as picture transmission, 
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transoceanic radio and sound pictures. In 1929 
he was placed in charge of the group responsible 
for the electrical design of public address, pro- 
gram distributing and naval announcing systems. 
For the last three years he has specialized in the 
design and development of apparatus for 
government use. On the twelfth of February 
Mr. Price received a five-star emblem signifying 
his completion of twenty-five years of service 
in the Bell System. 

J. H. Prianz, who completed thirty years of 
service with the Western Electric Company and 
the Laboratories on the seventeenth of February, 
joined the equipment drafting group of the 
Western Electric Company in 1906 at the time 
they were located in the 72nd Street Annex. 
He left the company a year later but returned to 
the Circuit Laboratory at West Street as a 
laboratory assistant in 1909. During the World 
War he was in France with the 319th Signal 
Battalion. 

On his return he entered the machine-switching 
laboratory where he engaged in general circuit 
and test work. He was associated with the instal- 
lation and wiring of the sender-test circuit first 
used in the metropolitan toll office and with the 
installation and testing of the first key-indicator 
office which was the Sherwood office in Paterson, 
New Jersey. For the past fifteen years he has 
been in the laboratory group of the Central 
Office Switching Development Department and 
at present has charge of wiring and maintenance 
of laboratory equipment, including that for 
manual, step-by-step and crossbar systems. 

A FIVE-STAR emblem signifying his completion 
of twenty-five years of service in the Western 
Electric Company and the Laboratories was 
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presented to Max Nowak on the twenty-first of 
March. Mr. Nowak was born in Austria and 
before coming to this country in I912 spent 
fourteen years with one of the largest rifle 
manufacturers in Austria as a precision-instru- 
ment maker of tools and gauges. His first work 
in this country was with the Singer Sewing 
Machine Company at Elizabethport, New Jersey. 

Two years later, in 1914, Mr. Nowak joined 
the Engineering Department of the Western 
Electric Company as an instrument maker in 
what is now the Development Shop. Since then 
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most of his time has been 
spent on the making of ac- 
curate dies and tools and he 
has been in the precision 
room since its formation 
nearly fifteen years ago. 
Some of the special work 
that he has done includes the 
making of a_ high-precision 
dividing head used primarily 
for laying out disks for tele. 
vision systems, a rolling mill 
and slitting machine for the 
tapes or ribbons used in light 
valves, and many compli- 
cated and intricate molding 
dies for plastic materials. 
* * & 

A FIVE-STAR SERVICE but- 
ton, emblematic of twenty- 
five years of service in the 
Western Electric Company 
and the Laboratories, was conferred upon 
Nicholas Flynn on the twenty-sixth of Feb- 
ruary. Mr. Flynn joined the Western Electric 
Company in 1914 as a fireman at the time 
when all electric power and steam for the West 
Street building were generated in its own power 
plant. After the generation of power was dis- 
continued in 1923, he operated the liquid air 
equipment and assisted in charging and main- 
taining storage batteries and in maintaining 
boiler room equipment. About five years ago 
he returned to his earlier work of firing. 
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Lockout in Long Telephone Circuits 


By A. W. HORTON, JR. 


Circuit Research Engineer 


employ echo suppressors to 

eliminate the reflected currents 
that would otherwise interfere with 
communication. The arrangement of 
such a circuit is indicated in simplified 
form in Figure 1. Speech current for 
example, from the east subscriber, FE, 
passes over the lower side of the 
circuit to w, the west subscriber. 
Part of it is reflected at the west 
hybrid coil, however, and starts back 
over the upper side of the circuit. 
Without the echo suppressor, it would 
reach E as an echo. With the echo 
suppressor in the circuit, however, the 
speech currents in the lower path 
actuate relay F through the echo- 
suppressor circuit, and disable the 
upper path so that the echoes cannot 
return to E. The suppressor will oper- 
ate on speech in either direction, 
operating relay c for east-bound 
speech, but when it has operated on 


four-wire telephone circuits 


Tw 


speech in one direction, the input in 
the other direction is blocked until the 
other relay has released. 

Relays F and c have an adjustable 
slow release characteristic, which is 
necessary because of the delay in the 
circuit. After west-bound speech has 
reached the echo suppressor at B, for 
example, it will require a time, 7,, to 
reach the west terminal, and the echo 
from there will again require a time, 

Tx, before it gets back to the sup- 
pressor at D. If relay F released as 
soon as the last speech current 
passed B, echoes would be passed back 
to E for a period equal to twice r,,. 
To avoid this, relay F is given a re- 
lease time equal to 27, plus a small 
additional amount, and relay c is 
given a release time similarly related 
to 7.. Subscribers talking over such 
a circuit are not usually aware of the 
presence of the echo suppressor unless 
one subscriber attempts to talk before 
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Fig. 1—Simplified schematic of long telephone circuit with an echo suppressor 
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the other has finished. Under these 
conditions his speech would be blocked 
by the echo suppressor. When, for 
example, E is talking, he has control 
of the circuit through relay Fr. If w 
starts to talk before E has ceased, his 
speech will be blocked, and FE will be 
aware that w has been talking only by 
failing to hear the first part of his 
reply. 

Sometimes, however, a very long 
circuit may be built up from two of 
these shorter circuits, each with its 
echo suppressor. Under these condi- 
tions it is possible for a condition 
known as lockout to occur. With 
lockout, the transmission path is 
blocked in both directions, and al- 
though both subscribers may be talk- 
ing, neither will hear what the other 
is saying. On ordinary circuits these 
lockouts last for so short a time when 
they do occur that there is no serious 
interference with ease of conversa- 
tion. The frequency with which lock- 
out occurs, however, and its duration 
when it does occur, are both related 
to the transmission times of the cir- 
cuit, and so for such very long con- 
nections as those including a trans- 
oceanic link with long cable circuits at 
both ends, it is conceivable that 


lockout might become serious. It 
seemed desirable, therefore, to under- 
take a study of lockout and the fac. 
tors causing it, so that from the 
knowledge gained, circuits could be 
designed to minimize its harmful 
effects. 

The study was made on a tie line 
used only for company business be- 
tween the Western Electric plant at 
Hawthorne, just outside of Chicago, 
and its New York office. The regular 
echo suppressor on the circuit was re- 
moved, and two were installed in 
New York together with artificial de- 
lay circuits* to be connected into the 
circuit between and on both sides of 
the echo suppressors. This permitted 
the delays to be changed at will, and 
to be made much longer than they 
normally would be, so that lockout 
could be studied under a wide range 
of conditions. The number of lockouts 
and their total duration were ob- 
tained from a counting circuit and an 
electric clock operated by auxiliary 
relays controlled by the echo-sup- 
pressor circuits. To determine the 
effect of the lockouts on the conver- 
sations, monitors were employed to 
record the number of repetitions that 

*REcORD, August, 1938, p. 400. 
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Fig. 2—Circuit arrangement for study of lockout 
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were called for and made during each 
conversation. The arrangement of 
this circuit is indicated in Figure 2. 

Although it is the presence of two 
echo suppressors that makes lockout 
possible, its occurrence and duration 
is largely dependent on the relation- 
ship between the transmission times of 
the circuit and the release time of the 
relays and on the talking habits of 
the speakers. Speech is not contin- 
uous, but is composed of spurts of 
sound separated by short intervals 
called “resumption times.” It is the 
length of these times in relation to 
the various circuit delays, and in rela- 
tion to the period between the ending 
of speech by one talker and the re- 
sponse by the other, called the “re- 
sponse time,” that controls the number 
and duration of lockouts. 

A very long circuit with two echo 
suppressors—it is really two circuits 
in tandem, of course—could be repre- 
sented schematically as in Figure 3. 
Here the delay times are indicated as 
in Figure 1, and the release times of 
the two sets of relays F and Fr’, and c 
and c’ are indicated by h, and h,, 
and h’, and h’., respectively. Lockout 
occurs when F’ and c are both oper- 
ated during the same period. Al- 
though the concurrent operation of 
r and c’ would also cause lockout, 
this condition has no practical sig- 
nificance because F cannot be oper- 
ated without Fr’ being operated first, 
in which case c’ could not be operated 


by east-bound speech. For similar 
reasons c’ could not be operated by 
east-bound speech without operating 
c first and thus preventing the opera- 
tion of F. The conditions causing 
lockout are thus those that will cause 
both Fr’ and c to be operated jointly. 

The relationships of the various 
factors involved in lockout are illus- 
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Fig. 4—Time relations causing lockout 


trated schematically in Figure 4. On 
this diagram distance is plotted ver- 
tically, from the west terminal at the 
bottom to the east terminal at the 
top. The positions of the two echo 
suppressors F and F’ are indicated and 
the distances between them and be- 
tween each and its nearest terminal 
are designated by the delays which 
correspond to them -7,, 7 and 7,. 
Time is represented horizontally along 
the chart. Since time is consumed by 
the voice currents in passing along the 
line, the track of a spurt of current 
flowing from the east to the west 
terminals would be as represented 

by the line aBpc. 
Assume that £ has been talking and 
that ABDG represents the end of his 
last speech sound, 


Tw _hw leaving the east termi- 
— nal at time a. At time 
WEST \ east B it will have reached 
the east echo suppres- 
\ sor, and relay F’ will be 

AS AS : 
deénergized. Because 
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Fig. 3—Schematic of a generalized four-wire circuit equipped 


with two echo suppressors 
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of the slow release, 
however, it will not be 
open until time m. At 
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time D the west echo suppressor will 
be deénergized but release will not 
occur until Fr, because of its slow re- 
lease. The slope of the line aBpDc is a 
measure of circuit delay since it is 
the ratio of distance to time and all 
speech impulses from east to west 
would be represented by lines parallel 


be in control. Lockout will occur, for a 
response time GJ, only with a resump- 
tion time by east between al and ap, 
A resumption between 1 and pP will 
actuate the east suppressor and block 
speech by west, but before it reaches 
the west suppressor, that will have 
been actuated by west’s speech. 
The experimental study of 


RESPONSE 
TIMES 


lockout, by giving the number 
of lockouts, their total dura- 


= 
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tion, and the repetitions they 
cause in conversation gave 


\\RESUMPTION 
TIMES 


data for relating the occur- 
rence and duration of lockout 
to the various delays of the 


PER CENT OF OBSERVATIONS 
@ 


4 


circuit. Because of the differ- 
ence in the speech habits of the 
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Fig. s—Observed distribution of resumption and 


response times 


to aBpc. Similarly all speech from 
west to east would be represented by 
lines parallel to jrtn. This latter line 
represents a response by west starting 
at time j and reaching the west echo 
suppressor just as it releases. If this 
response continues and reaches the 
east suppressor at time L, without 
east’s having resumed speaking be- 
fore time Pp, west will control the cir- 
cuit and he can talk to east. Any re- 
sumption of speech by east after time 
p will be blocked as long as west’s 
speech is continuous. On the other 
hand, had east resumed before time 1, 
his speech would reach the west echo 
suppressor before it had released, and 
he would again control the circuit; 
response by west would have been 
blocked. 

With a response time by west equal 
to Gj, therefore, and a resumption 
time by east either less than a1 or 
greater than ap, no lockout will occur; 
one or the other of the terminals will 
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various talkers, however, and 
other uncontrollable factors, 
the results from studies at dif- 
ferent times and with different 
speakers did not always ex- 
actly agree. In general, however, there 
seemed to be a direct proportionality 
between the total time locked out 
and the number of repetitions, or in 
other words, the effect of lockouts on 
conversations is proportional not to 
their number but to the product of 
their number and average duration. 
There is some indication, however, 
that when the total lockout time is 
very small, the effect in causing repe- 
titions is somewhat less than that 
given by the factor of proportionality 
that holds for larger values of lockout 
time. 

Since both the number and dura- 
tion of lockouts depend on the delays 
and release times already mentioned 
in relation to the resumption and 
response times of normal speech, it 
seemed possible to devise an expres- 
sion for the effect of lockout in terms 
of these various factors. With this in 
view a study was also made* of the 
~ *REcorp, November, 1938, p. 85. 
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resumption and response times oc- 
curring in actual conversations. Dis- 
tribution curves of the response and 
resumption times found are shown in 
Figure 5. Based on these distributions, 
both the number and duration of 
lockouts depend on the delay times of 
the circuit and the release times of the 
relays. As already noted, however, the 
release times are normally made 
slightly greater than the time for 
speech to travel from the suppressor 
to the nearest terminal and back 
again, and thus the release times also 
are determined by the delay times of 
the circuit. As a result it becomes pos- 
sible to express the repetition rate 
occasioned by lockout in terms of the 
delay times of the circuit. 

If the suppressors are in the centers 
of two equal-length circuits, so that 
T.=T w=, the repetition can be ex- 
pressed in terms 7 alone. A curve 
expressing this relationship is shown 
in Figure 6. This is based on the 


assumption that the curve expressing 


the relationship between the repeti- 
tions and the total time locked out is a 
straight line. Since as already noted 
there is some indication that this 
latter relationship departs from a 
straight line for small delays, the 
curve of Figure 6 would probably fol- 
low the dotted curve at its lower end. 

Even without the occurrence of 
lockout a certain number of repeti- 
tions occur, and for the studies re- 
ferred to, this number is taken as 
unity relative repetition rate. For 
values of 7 less than about 0.04 or 
0.05 second, therefore, lockouts have 
no appreciable influence on conver- 
sation. Since most existing lines have 
delays of about this magnitude, lock- 
out is not a serious factor under 
present conditions. The data gath- 
ered, however, give their effect for con- 
siderably longer times, and indicate 
that for long connections, lockouts 
might be important unless steps are 
taken to avoid long distances between 
echo suppressors. 
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Fig. 6—Calculated relative repetition rate for the circuit 
conditions indicated 


Sound-Level Distribution Recorder 
By H. KAHL 


Transmission Development 


N automatic device for regis- 
tering the intensity level of 
noise or speech currents in suc- 

cessive short intervals is a useful tool 
for studies of circuit or room noise, 
particularly where the changes are 
frequent or rapid. For this purpose a 
level distribution recorder has been 
developed to supplement the visual 
indicating meters used heretofore. In- 
dicating meters are difficult to read 
for extended periods when the input 
varies rapidly; and therefore the re- 
sults of different observers may differ 
widely. Furthermore, it is frequently 
impractical to operate the gain control 
in these meters fast enough to cover 
the range required for the measure- 
ment. The level distribution recorder 
has been found particularly useful in 
fundamental studies of room noise, 
static, speech levels, and experimen- 
tally for contact-noise measurements 
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in central-office dial switching areas. 

The level distribution recorder, 
when used with the Western Electric 
2A noise-measuring set* and similar 
devices, replaces the meter and recti- 
fier of these instruments. The recorder 
consists essentially of a gas tube 
which operates a series of message 
registers. The number of registers 
operated is a measure of the intensity 
level of the noise. The operating cycle 
takes one second and the measure- 
ment is equivalent to reading and 
recording the maximum deflection of 
the indicating meter of the 2A set once 
per second, which is about three times 
as fast as readings and recording can 
be done by observers. 

The operating principle of the level 
distribution recorder is illustrated by 
the block diagram of Figure 1. An 
amplifier is connected to the 2A noise- 

*Recorp, March, 1936, p. 233. 
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measuring set in place of the usual 
meter after the copper-oxide rectifier 
has been removed. The output of this 
amplifier feeds a full-wave thermionic 
rectifier. The rectified current passes 
to a condenser-resistance circuit which 
integrates short pulses like the meter 
of the 2A noise-measuring set. It also 
weights the peak and average values 
of the complex waves 
and gives a reading 
which is reasonably 
close to the true root- 
mean-square value in 
most cases. The volt- 
age-measuring circuit 


INTEGRATING CIRCUIT 


mum voltage across the output of the 
integrating circuit during each one- 
second interval determines the num- 
ber of relays and message registers 
operated. This voltage in turn is pro- 
portional to the maximum root-mean- 
square values of the input voltage 
taken over 0.2-second periods during 
that second. The one-second interval 


POTENTIOMETER 
REGISTER 


OB D-C AMPLIFIER | GAS TUBE RELAYS 


operates relays and 
registers through the 
as-tube circuit. 

The voltage across 
the integrating circuit 
is measured as shown in Figure 2. The 
noise current builds up a direct-current 
voltage in the integrating-circuit po- 
tentiometer and makes negative the 
grid of the direct-current amplifier 
which is connected to the o-db point 
of the potentiometer. This decreases 
the plate current and raises the po- 
tential at the plate of the amplifier 
and the grid of the gas tube. When 
this potential is about four volts 
negative with respect to the cathode 
potential, the gas tube fires and oper- 
ates the relay and message register 
which are in its plate circuit. This re- 
lay transfers the grid of the direct 
current amplifier to the five-db point 
on the integrating-circuit potentiom- 
eter, and switches the gas-tube plate 
circuit to the next relay and message 
register in the series. The relay also 
extinguishes the gas tube. The maxi- 
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Fig. 2—Simplified schematic of the recorder 


is usually determined by a 1 r.p.s. 
synchronous motor which releases all 
relays and message registers pre- 
paratory to making a measurement 
in the next one-second interval. 

A unique feature of the voltage- 
measuring circuit is the pentode or 
screen-grid tube used as a direct- 
current amplifier. The operating char- 
acteristics of the tube are such that 
the plate current attains its maxi- 
mum, and the plate potential its mini- 
mum, value with no input. With 
increasing input the grid of the direct- 
current amplifier goes negative and the 
platecurrent decreases. The grid poten- 
tial at which the gas tube fires is de- 
termined by the screen voltage, which 
is adjustable. The usual practice is to 
set the operating point of the direct- 
current amplifier so that the gas 
tube will fire whenever the potential 

of the amplifier grid 
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reaches —1.5 volts. 


The output of the 
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Fig. 1—Operating principle of the level distribution recorder 
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rectifier is linear but it 
reads steady complex 
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waves essentially as a true root-mean- 
square device. The peak amplitude as 
well as the average amplitude ofa wave 
contributes to the voltage across the 
output of the integrating circuit. The 
constants of the circuit determine the 
weight given the peak amplitude and 
these can be chosen so that any one 
complex wave will give the same 
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Fig. 3—Short pulses record like steady 
currents of less intensity 


reading as a sine wave of equal r.m.s. 
value. The error caused by this ad- 
justment for waves such as line noise, 
a square wave, and rectified har- 
monics varies from 0.1 to 0.2 db. The 
response of the integrating circuit to 
pulses of short duration is shown in 
Figure 3, where the intensity of short 
pulses required to give the same read- 
ing as steady-state currents is plotted 
against the duration of the pulses. 
This curve is similar to that of the 
time response of the indicating meter 
of the 2A measuring set. 

The level distribution recorder 
measures satisfactorily noise of a wide 
range of levels. When calculating 
average values a 2.5-db correction 


brings the indicated value to the 
center of each five-db range. The 
maximum error for any one value js 
then 2.5 db, and the probable error 
1.25 db. Figure 4 is a typical cumu- 
lative distribution curve and shows 
the per cent of the noise currents 
which have intensity levels equal to or 
less than the values shown as ab. 
scissas. The blocks indicate the data 
obtained by the recorder and the 
curve has been drawn approximately 
through their midpoints. Although 
the individual values may be consider- 
ably in error the final curve is de- 
fined with reasonable accuracy. 
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Fig. 4—Per cent of observations having in- 
tensities equal to or less than stated values 


The recordings are not necessarily 
made on message registers. An attach- 
ment which is particularly useful for 
making detailed studies of noise vari- 
ations with time has been developed 
to print the results. Circuit studies 
with this apparatus are in progress. 
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A New Page Teletypewriter 


By B. S. SWEZEY 
Telegraph Facilities 


URING the past seven years 

teletypewriter exchange service 

has grown to a total of over 
twelve thousand subscriber stations. A 
number of teletypewriter features used 
on private lines are not ordinarily re- 
quired for this service. One or two 
copies of the messages on plain paper 
suffice in most cases and the teletype- 
writers are in operation only a com- 
paratively small part of the time. 
Since several carbon copies, printed 
forms, tabulating devices and other 
special features available on the No. 
15 page teletypewriter are rarely 
needed in exchange service, the Tele- 
type Corporation was asked to de- 
velop and supply a page teletype- 
writer of simplified design and lower 
first cost for this service and for 
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certain types of private-line service. 

The new machine, ceded No. 26, is 
somewhat smaller and quieter than 
the No. 15 page teletypewriter and 
also more pleasing in appearance. It 
types on individual pages or on a 
long continuous supply from a roll or 
superfold pack. A single carbon copy 
may be made in any case, but typing 
on printed forms requiring accurate 
positioning has not been provided. The 
model illustrated in Figure I is a 
sending-receiving machine, but others 
without keyboard are available where 
“receiving only” service is required. 

The keyboard mechanism of the 
new teletypewriter operates like others 
of modern design. Depressing a key 
releases a cam assembly which allows 
one or more of five contacts to close 
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Fig. 1—The No. 26 teletypewriter types the message 
on individual pages or on a continuous roll or super- 
fold pack. It can make one carbon copy 


in sequence and in various combina- 
tions depending on the key pressed, 
thus sending over the line signals 
composed of different combinations of 
five current-on or current-off inter- 
vals of equal length. Thirty-two dif- 
ferent signals are obtained in this way, 
of which twenty-six are used for the 
letters of the alphabet and the others 
for functions such as feeding the paper, 
returning the carriage, and shifting. 
The shift signal brings into action a 
second row of type with numerals, 
fractions and punctuation marks. 

In the receivin; mechanism, the 
five component impulses of each selec- 
tion are sorted out by a timing 
mechanism and transmitted to five 
code discs (Figure 2) mounted con- 
centrically one above the other on a 
vertical spindle. The edge of each 
disc is slotted to conform to the signal 
code. One or more of the discs rotates 
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through a small angle on re. 
ceipt of the different signal 
combinations and this brings 
the slots in the edges of the 
discs into line at one point, 
Pins are mounted around the 
edges of the discs like a crown 
and press against them so that 
each pin spans all five discs, 
For each combination of im- 
pulses some pin enters a line- 
up of slots. A stop arm which 
is continuously seeking to ro- 
tate over the discs is then 
brought to rest as it strikes 
this pin. Fastened to the stop 
arm is a vertical shaft on the 
upper end of which the type- 
wheel is mounted. The type- 
wheel has two rows of charac- 
ters facing outward and one 
of these characters is pre- 
sented to the platen when the 
stop arm and typewheel come 
to rest. A printing hammer 
which extends into the inner part 
of the typewheel then operates and 
strikes the type pallet from the rear. 
This drives an inked ribbon against 
the paper and types the character. 
As soon as the typing has taken 
place, the printing hammer retracts 
so that the typewheel may assume a 
new position for the next character. 
The spacing mechanism moves the 
paper carriage to the left one space 
after the typing of each character. To 
allow the last characters typed to 
be seen, the typewheel is raised into 
position immediately before typing 
and lowered immediately afterward 
by sliding up and down on the stop- 
arm shaft. When a shift or upper- 
case signal precedes a character the 
typewheel rises higher and the print- 


ing hammer strikes the lower level 


of characters on the wheel. 
To feed the paper for a new line and 


A pril 1939 


a 
7 
: 


return the carriage, the stop arm and 
its shaft assume the selected position 
in the same manner as to type a 
character but at these points in the 
typewheel no type pallet is provided 
and no typing can take place. How- 
ever, at the lower end of the stop-arm 
shaft, a spider arrangement similar 
to spokes on a wheel but on different 
levels is provided. The different arms 
or spokes are presented to a co-acting 
mechanism arranged to perform the 
desired functions. Spacing of the car- 
riage is prevented when non-spacing 
functions are selected by disengaging 
the spacing mechanism. The ribbon 
feeds and reverses automatically. 
The bell near the rear of the ma- 
chine at the right may be operated 
from a distant machine to attract 
attention when an important message 
is to be received or as a special signal 
for other purposes. In front of the two 
ribbon spools is a graduated “range 
finder.” Its arm may be unclamped 
and repositioned over the graduated 
scale to select the best portion of the 
signals being received. At the 
front of the machine to the 
left of the keyboard is a key 
labeled “‘break.”” This is used 
to open the line circuit when 
a station which has been re- 
ceiving wants to take control 
of the circuit. Opening the line 
by operating the “break” key 
interrupts the sending from 
the distant machine. The send- 
ing operator, noting this, 
ceases sending so that the dis- 
tant station takes control. 


Arrangements are provided 
for using a small roll, contain- 
ing about fifty feet of paper, 
mounted on the platen car- 
riage inside the cover of the 
machine. Where the service re- 
quires a larger supply of paper 
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a regular five-inch roll may be mounted 
in the table below the machine. The 
table on which the teletypewriter rests 
is especially adapted to handle paper 
for a moving carriage machine. The 
roll of paper is kept in the lower part 
of the table and fed through a slot 
near the top of the rear panel. The 
roll mechanism is carried on the front 
panel which may be swung down to 
replace the paper. 

To reduce noise the machine has 
rubber supports; a cover encloses it 
almost completely and rubber flaps 
are provided at the necessary open- 
ings. The transparent curved plate 
through which the typing can be 
viewed is made of a tough non- 
shatterable composition. 

The No. 26 teletypewriter incor- 
porates some mechanisms which have 
been used successfully in earlier ma- 
chines. The teletypewriter has been 
tested thoroughly, and has proved to 
be fit not only for intermittent use, for 
which it is primarily intended, but 
also for continuous service. 
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Fig. 2—Receiving mechanism of the teletypewriter 
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A Small Pre-Mixing Amplifier 


By E. L. OWENS 
Commercial Products Development 


NE of the requirements for 

modern high-quality broad- 

casting systems is the ability 
to handle programs with wide volume 
range. Since the lower limit of the 
volume range is restricted by the 
noise in the system, it is essential for 
best results to maintain noise levels as 
low as possible. Their lower limit in 
any amplifier system is set by the 
thermal-agitation noise at the input 
of the amplifiers, and the maximum 
signal-to-noise ratio obtainable is the 
difference in db between the output 
level of the microphone and the level 
of the thermal-agitation noise. 

In radio broadcasting the standard 
procedure is to employ a number of 
microphones, and to combine their 
outputs by mixer circuits at the input 
of an amplifier system* that raises the 
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microphone output to the proper level 
for the program line. The mixer cir- 
cuits, which consist of resistance net- 
works, have a fixed minimum loss de- 
pending upon the type of circuit and 
the number of microphones accom- 
modated, and an adjustable loss in 
each channel is used, in addition, to 
set the output level to the desired 
value. Under some operating con- 
ditions the loss through the mixing 
circuit may be as much as 25 or 30 db. 
Until the last few years, the outputs 
of the microphones have been fed 
directly to the mixer without ampli- 
fication, with the result that the 
microphone sensitivity, and thus the 
signal-to-noise ratio, has been reduced 
by the amount of the mixer loss. By 
inserting an amplifier between each 
microphone and its associated mixer, 
however, the signal-to- 
noise ratio is not 
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Fig. 1—Effect of pre-mixing amplifier on the noise level at 
the output of an ideal system 
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amplifier. At the out- 


*Recorp, December, 
page 125. 


1938, 
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Fig. | 2—The 1044 amplifier with tube 
shield removed 


put of the microphone the signal-to- 
noise ratio is 70 db, but a 25-db loss 
in the mixer reduces this to 45 db, 
which is maintained through the rest 
of the system. At the right are the 
conditions for a pre-mixing amplifier. 
The gain ahead of the mixer, as long 
as it is greater than the mixer loss, 
maintains the initial 70-db signal-to- 
noise ratio. 

The above description assumes an 
ideal system. In actual practice noise 
components other than those due to 
thermal agitation at the input of the 
amplifier system are present and tend 
to decrease the signal-to-noise ratio. 
The magnitude of improvement with 
pre-mixing amplifiers, 
however, remains es- 
sentially the same in a 
well-designed system. 

Because of the large 
number of pre-mixing 
amplifiers required in a 
typical broadcasting 
installation, it is desir- 
able that they be small, 
inexpensive, and eco- 
nomical in operation. 
When they first began 


to be used, however, 
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the only Western Electric amplifier 
available was the 80A*, which -al- 
though entirely satisfactory so far as 
maintaining the signal-to-noise ratio 
was concerned, was larger and more 
expensive than was desirable. This 
situation has now been changed by 
the development of the Western 
Electric 104A amplifier, which is 
shown in Figure 2 with the vacuum- 
tube shield removed to expose the 
262-B vacuum tube. 

The component parts of the ampli- 
fier are assembled on a steel plate 
approximately five inches square and 
arranged so that three amplifiers can 
be accommodated on a mounting 
plate requiring only slightly over five 
inches of relay-rack space. Figure 3 
shows the rear view of such a mount- 
ing plate equipped with three 104A 
amplifiers. The transformers, con- 
densers, and vacuum tube are located 
on this side of the panel, and the 
terminals, resistances, and wiring are 
located on the front, where they ex- 
tend within the recessed section of the 
mounting plate, and are protected by 
a front mat after installation. Figure 4 
shows the front view of the mounting 
plate equipped with mat; the rotary 
switch is used to connect an exter- 
nal meter for measuring the plate 

*Recorp, October, 1933, p. 60. 


Fig. 3—Three of the 1044 amplifiers mount on a relay-rack 


mounting plate 
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currents of the three vacuum tubes. 

The 104A amplifier is a single-stage 
amplifier employing a Western Elec- 
tric 262-B vacuum tube, and has a 
gain of approximately 29 db. It is de- 
signed to operate with microphones of 
either 30 or 250 ohms impedance and 


plate circuit filter. By changing the 
value of this resistance the amplifier 
can be made to operate with plate 
supply voltages as low as 200 volts, 

The 104A amplifier was intended 
primarily as an addition to the West- 
ern Electric 701A speech-input bay, 
and was designed to 
obtain its power supply 
from the power equip- 
ment in the bay. When 
used in more modern 
installations, con- 
junction with the 
Western Electric 1054 
and 106A amplifiers, 
its power supply is ob- 
tained from one of 


Fig. 4—The front mat of a panel mounting three 104A amphi- these amplifiers. For 
fiers carries only a switch for connecting an external plate- other applications a 
current meter to the three amplifiers rectifier is required for 


into impedances of 30 or 500 ohms. 
The transmission characteristic is 
substantially uniform over the fre- 
quency range from 30 to 10,000 cycles. 
For high-quality transmission the 
single-frequency output level should 
not exceed 20 db below 6 milliwatts, 
which is considerably higher than 
would normally be obtained with 
broadcast-quality microphones. 

The amplifier is designed for opera- 
tion with alternating current on the 
filament, and direct current on the 
plate obtained from an external recti- 
fied and filtered alternating-current 
supply. The filament requires 0.32 
ampere at 10 volts, and the plate re- 
quires 0.6 milliampere at 375 volts. 
The plate current is fed through a 
resistance, which in combination with 
a condenser in the amplifier acts as a 


the plate voltage and 
some provision must also be made for 
supplying a-c for the filament. The 
Western Electric 15-A rectifier is 
available to perform these functions. 
In addition to the 104A amplifier, 
the Western Electric 104B amplifier 
has also been made available to per- 
form the same functions. The two 
amplifiers are interchangeable, the 
difference being that the 104B has a 
better shielded input transformer, 
making it less susceptible to disturb- 
ance from electro-magnetic pick-up, 
and is provided with terminals for 
operating from plate voltages of 200 
and 250 in addition to the 375 volts 
required for the 104A amplifier. It also 
has a more uniform response charac- 
teristic at the upper end of the fre- 
quency range. The 104B amplifier has 
a gain of about twenty-eight db. 
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since then been associated 
chiefly with the develop- 
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ment of power plants for toll systems. 
EK. L. Owens graduated from Virginia 
Polytechnic Institute in 1924 with the 
B.S. degree in Electrical Engineering. 
He then entered the Engineering Depart- 
ment of the Western Union Telegraph 
Company and remained with them for 
some five years. In 1929 he became a 
member of the Technical Staff of the 
Laboratories. Here, with the Radio De- 
velopment Department, he has _ been 
engaged in the develop- 
ment of speech-input 
equipment for radio broad- 
casting transmitters. 
TESTING APPARATUS 
and methods, described in 
this issue, for determining 
the effect of electric rail- 
way currents on nearby 
telephone lines are K. L. 
Maurer’s personal contri- 
bution to the technique of 
inductive codrdination. 
Mr. Maurer has been con- 
cerned with codrdination 
studies for every railroad 
electrification since he en- 
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tered the D. & R. in 1925. As preparation 
for that work, he had had three years’ ex- 
perience in electrolysis studies with a 
firm of consulting engineers, together with 
undergraduate work at Amherst (A.B. 
1917) and electrical engineering at Yale 
(Ph.B. 1921). 

ArtuHurR W. Horton, Jr., received the 
B.A. degree from Princeton in 1920, and 
the E.E. degree in 1922, having spent the 
summer of 1921 as an engineering student 
in the Physical Laboratories of the West- 
ern Electric Company. On leaving college 
he returned to West Street, associating 
with the Transmission Department, and 
with the organization of Bell Telephone 
Laboratories in 1925, he joined the Re- 
search Department. For the most part he 
has worked on transmission problems con- 
nected with telegraph, picture trans- 
mission, and television, and on voice- 
operated equipment, such as the trans- 
atlantic radio terminal and echo sup- 
pressors. At the present time, as Circuit 
Research Engineer, he is in charge of 
groups working on local and toll signalling 
and switching circuits, and on precision 
high-frequency generators. 

Henry Kaut joined the Research De- 
partment of the Laboratories in 1928 at 
which time he was graduated from the 


State College of Washington with the 
degree of B.S. Fundamental studies of 
noise and its effects and the design of 
equipment for noise and transmission 
studies engaged his attention until 1938. 
Since then his work has been on problems 
relating to open-wire crosstalk. 

B. S. Swezey interrupted his engi- 
neering course at the Brooklyn Poly- 
technic Institute in 1917 to join the U.S. 
Naval Service. Two years later he returned 
to the same institution and received there 
the E.E. degree in 1920. For a time he 
instructed in electricity at the New York 
Edison Company and later at the Brook- 
lyn Y.M.C.A. In 1920 he joined the 
Department of Development and Re- 
search of the American Telephone and 
Telegraph Company, where he was asso- 
ciated with the development of tele- 
typewriters, including tests of some of the 
early machines used in the Bell System. 
When teletypewriter exchange service 
was initiated, he was concerned with the 
station equipment required as well as 
with teletypewriters for stations and 
central offices. Since the consolidation of 
the D. & R. with the Laboratories that 
occurred in 1934, he has continued the 
same type of work as a member of the 
Telegraph Facilities Department. 


